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(54) The use of a substance which prevents HGS/SF from binding with Met 



(57) The present invention relates to use of a sub- 
stance which prevents HGF/SF from binding with Met in 
the preparation of a medicament for use in a method of 
preventing tumor cell metastasis, wherein in said 
method, a tumor-bearing mammal is treated with an 
effective inhibiting amount of said substance. The sub- 
stance can e.g. be a HGF/SF variant, HGF/SF mimetic 
or antibody or antibody fragment against HGF/SF, a Met 
variant. Met mimetic or antibody or antibody fragment 
against Met or a polyclonal antibody generated against 
a peptide sequence within the extracellular domain of 
Met. 
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Description 

Background of the Invention 

5 Hepatocyte growth factor (HGF) was first purified from human and rabbit plasma and rat platelets on the basis of 

its ability to stimulate mitogenesis of rat hepatocytes. (E. Gohda et al, J. Clin, invest 81 : 414 (1 988): R. Zarnegar and 
G. I^ichalopoulos. Cancer Res. 49: 3314 (1989): T. Nakamura et al. FEBS Lett. 224: 31 1 (1987)). Thus. HGF may act 
as a humoral factor promoting liver regeneration after partial hepatectomy or liver injury. (E.H. Gohda et al., J. Clin. 
Invest. 81: 414-419 (1988): G.K. fWIichalopoulos. FASEB d 4: 176 (1990)). The same factor was purified from hunr^an 

10 fibroblast culture medium and shown to act on melanocytes and a variety of epithelial and endothelial cells. (T. Igawa 
etaL, BBRC 174: 831-838 (1991); M. Kan etal., BBRC 174: 331-337 (1991) and J.S. Rubin efa/., Proc. Nat'l. Acad. 
Sci. US.A. 88: 415 (1990)). Together with evidence of HGF expression in several organs (J.S. Rubin etal., Proc. Natl 
Acad. Sci. US.A. 88: 415 (1990); K. Tashiro et al. Proc. Natl Acad. Sci. U.S.A. 87: 3200 (1990); R. Zarnegar e/a/.. 
Proa Natl Acad. Sci. U.S.A. 87: 1252 (1990); T Kinoshita et a/., Biochem. Biophys. Res. Comm. 165: 1229 (1989)). 

15 these findings indicate that HGF may also act as a paracrine mediator of proliferation for a broad spectrum of cell types. 
Molecular cloning of HGF revealed a remarkable structural homology to plasminogen and related serine proteases (J.S. 
Rubin et aL, Proc. Natl Acad. Sci. US.A 88: 415 (1990); T Nakamura et a/.. Nature 342: 440 (1989); K. Miyazawa et 
al, Biophys. Res. Comm. 163: 967 (1989)). Recent evidence that HGF induces rapid tyrosine phosphorylation of pro- 
teins in intact target cells suggests that a tyrosine kinase receptor mediates its mitogenic signal (J.S. Rubin et aL, Proc. 

20 Natl Acad Sci. U.S.A. 88: 415 (1990)). 

HGF is structurally related to the family of serine proteases that includes plasminogen, prothrombin, urokinase, and 
tissue plasminogen activator (J.S. Rubin eta!., Proc. Natl Acad. Sci. US.A. 88: 415 (1990); T. Nakamura etal., Nature 
342: 440 (1989)). For instance, HGF structurally resembles plasminogen in that it possesses characteristic kringle 
domains (Patthyef a/. FEBS Lett. 171: 131-136(1984)) and a serine protease domain (Miyazawa etaf., Biochem. Bio- 

25 phys. Res. Commun. 163: 967-73 (1989); Nakamura et al.. Nature 342: 440-43 (1989)). As defined in the present 
invention, HGF includes a growth factor previously characterized as a broad-spectrum nrtitogen called plasminogen-like 
growth factor (PLGF). the subject matter of U.S. application serial no. 07/582,063. Several proteases, including mem- 
bers of the serine protease family, stimulate DN A synthesis presumably through a proteolytic mechanism similar to tryp- 
tic activation of the insulin receptor. (S.E. Shoelson et al. J. Biol. Chem. 263: 4852 (1988)). Only urokinase has been 

30 found to associate with a specific cell-surface receptor, which itself bears no homology to any known tyrosine kinase 
receptors (AL Roldan etal., EMBOJ. 9: 467 (1990)). 

Scatler factor (SF) originally had been considered to be related to but different from HGF. SF being associated with 
cell motogenicity (motility), and HGF being associated with cell mitogenicity (growth). However, recent work has dem- 
onstrated that SF and HGF are, in fact, the same protein having the identical amino acid sequence, the same receptor 

35 which is the protein encoded by the c-met proto-oncogene, and same biochemical affect (E. Gherardi and M. Stoker, 
Nature 346: 228 (1990); K.M. Weidner et al., PNAS 88: 7001-7005 (1991); M. Bhargava. et aL, Cell Growth & Diffn. 
3(1): 11-20 (1992): Naldini etal., EMBOJ. 10(10): 2867-78 (1991); E. Gherardi and M. Stoke. Cancer Cells 3:(6): 227- 
32 (1991) and Graziani etaf., J. BioL Chem. (USA) 266 

The subject matter of U.S. Serial No. 07/642.971 , incorporated by reference above, describes a complex compris- 

40 ing HGF/SF and met protooncogene protein f Met*"), and identifies Met as the receptor for HGF/SF The met protoon- 
cogene protein is a member of the tyrosine kinase growth factor receptor family Knowledge of this receptor/ligand 
relationship facilitates the study of proliferative disorders and tumorigenicity in which expression of these molecules 
may play an important role. Additionally, identification of the met protooncogene receptor HGF/SF complex provides a 
means for identifying tissues other than liver tissue affected by factor binding. 

45 Evidence suggests that the positive affects of growth factors on cell proliferation can be counteracted at a variety 
of levels, tx)th intracellularly (Moses et aL Cell 63: 245-247 (1990)) and at the cell surface (Hannum et aL, Nature 343: 
336-340 (1990): Eisenberg. etaL, Nature 343: 341-346 (1990); Carter etaL, Nature 344:633-637 (1990)). 

Various sources of human HGF have been identified (Nakamura. T. Progress in Growth Factor Research, 3: 67- 
86 (1992)) and it has been shown that the gene product can be overexpressed when transfected into Cos cells or by 

50 baculovirus host systems. (Nakamura etaL, Nature 342:440-43 (1989); Ck)oper, etaL, The EMBO J., 5(10): 2623-2628 
(1986)). A mamnnalian cell line continuously shedding large amounts of human HGF/SF has yet to be identified. 

Summary of the Invention 

55 Accordingly, the present invention involves a method for inhibiting metastasis based upon the recognition that HGF 
and SF are the same protein and that tumor cell metastasis may be prevented by inhibiting the binding of HGF/SF with 
its receptor. 

More specifically, binding is inhibited by a substance which is an HGF/SF variant. HGF/SF mimetic, or antibody or 
antibody fragment against HGF/SF, which prevents HGF/SF from binding with Met. Binding may also be inhibited by a 
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Met variant. Met mimetic and antibody or antitxxly fragment against Met, which similarly prevents HGF/SF-Met binding. 

Furthermore, in view of need for a continuously producing source of large quantities f HGF/SF, applicants have 
discovered and describe herein a mous N1H/3T3 cell line which can express unexpectedly high levels of HGF/SF by 
recombinant methods. Thus, one embodiment of the invention relates to a method of producing HGF/SF comprising the 
5 steps of: 

(a) transfecting NIH/3T3 cells with DNA encoding HGF/SF*'" and Met^"; 

(b) introducing cells transfected in accordance with step (a) into a mammal, thereby generating a primary tumor; 

(c) explanting and propagating cells of the primary tumor in vitro: 

10 (d) selecting those cells propagated in accordance with step (c) which express high levels of HGF/SF*'" and high 
levels of Met*'"; 

(e) introducing cells selected in accordance with step (d) into a mammal, thereby producing a secondary tumor; 

(f) explanting and propagating cells of the secondary tumor in vitro: and 

(g) obtaining HGF/SF^" produced by the cells of step (f). 

IS 

Yet another embodiment of the invention relates to a cell line co-transfected with a first DNA vector comprising, in 
operable linkage, a promoter derived from a long terminal repeat of a retrovirus, DNA encoding the entire coding 
domain of human Met and a polyadenylation signal and a second DNA vector comprising, in operable linkage, a pro- 
moter derived from a long terminal r^eat of a retrovirus. DNA encoding human HGF/SF and a polyadenylation signal. 

20 

Brief Description of the Drawings 

Figure 1 demonstrates met products in transfected N1H/3T3 cells. (A) Immunoprecipitation analysis. Cells were 
metabdically labeled with [^^SJmethionine and p^S]cysteine (Translabel, ICN) for 5 hours in DMEM lacking methionine 

25 and cysteine (Gibco) and cell lysates were immunoprecipitated with either a Met^'^-specific monoclonal antit)ody, 19S 
(Faletlo, D.L ef a/.. Oncogene 7: 1149-1157 (1991) (lanes 1 and 2), or Met"'"-specific peptide antibody. SP260 (Iyer. A. 
et al.. Cell Growth & Diff. 1: 87-95 (1990)) (lane 3). Immunoprecipitation was conrpleted with protein G-sepharose 
(Gibco). the complex was solubilized in SDS sample buffer with 5% p-mercaptoethanol, and resolved on 7.5% acryla- 
mide gels. In lane 1 , cells were transfected with pSV2neo only; in lane 2. cells were transfected with me/^"; in lane 3, 

30 cells were transfected with me/^". (B) Pulse-chase analysis. Cells were metabolically labeled with [^^S]methionine 
and [^^S]cysteine for 45 minutes (lanes 1 and 3). followed by a chase period of 3 hours (lanes 2 and 4). Met was immu- 
noprecipitated with 19S monoclonal antibody against Met*'" (lanes 1 and 2) or SP260 peptide antibody, against Met"*" 
(lanes 3 and 4) and subjected to electrophoresis as in panel A. In lanes 1 and 2 are cells transfected with Mef*'"; in lanes 
3 and 4 are cells transfected with Met^". (C) Cell surface iodination of met Near-confluent cells were pelleted and 

35 labeled with Na^^^l in the presence of lodo-Gen (Pierce). The labeled cells were washed three times with PBS. lysed 
with RlPA buffer, and subjected to immunoprecipitation with either 19S monoclonal antibody (lanes 1 and 2) or SP260 
peptide antibody Oanes 3 and 4). Met^" expressing N1H/3T3 cells are in lanes 1 and 3. Met"'" expressing N1H/3T3 cells 
are in lanes 2 and 4. Arrows indicate the positions of pi 70"'^* and p140"'®* 

Figure 2 shows met product reactivity with anti-P-Tyr antibody Near-confluent cells on a 100-mm dish were 

40 washed twice with cold TBS and lysed in 1 ml of lysis buffer (25 mM Tris-HCl. pH 8.0. 100 mM NaCI, 50 mM NaF, 1% 
Triton X-100. 10 ng/ml aprotinin, 10 ng/ml leupeptin, 1.25 mM PMSF, 1 mM sodium orthovanadate). One milligram of 
protein was immunoprecipitated with anti-C28 peptide antibody for Met*'", (Gonzatti-Haces. M. et ai Proa Natl Acad 
Sci. U.S. A. 85: 21 -25 (1 988)) (panels A and C) or peptide antibody SP260 for Mef " (Iyer, A., et ai, Cell Growth & Diff. 
1 : 87-95 (1990)) (panels B and D), After dissolving in SDS buffer, samples were separated by SDS-PAGE on 7.5% gels, 

45 transferred to Immobilon-P (Millipore), and probed with anti-P-Tyr antibody. 4G10. Morrison, D.K.. etaL, Cell 58: 649- 
657 (1989) (panels A and B), 19S monoclonal antibody (panel C), or mouse mef peptide antibody. SP260 (panel D). 
The Immobilon filter was then incutjated with ''^^l-protein A (ICN) and subjected to autoradiography Lanes 1 -3 of panels 
A and C have three different lines of me/*'"-transfected cells; lane 4 has N1H/3T3 control cells. Lane 1 of panels B and 
D are cells transfected with me^^". Lane 2 has N1H/3T3 control cells. 

so Figure 3 shows the characterization of Met*'" and HGF/SF*'" in N1H/3T3 tumor cells. Tumor cells were explarrted 
and metabolically labeled with p^S]methionine and [^^Sjcysteine for 6 hours. Cell lysates were immunoprecipitated with 
either 195 monoclonal antibody (panel A), or peptide antibody SP260 (panel B). Then, 0.25 ml of the "6 hour" superna- 
tants was concentrated threefold in Centricon (/Vmicon; 10K cut-off); the volumes were adjusted to 0.3 ml with RlPA 
buffer and the samples were immunoprecipitated with anti-HGF monoclonal antibody A3.1 .2 (panel C). Lanes 1 and 3 

55 are samples from two different lines of cotransfected cells before injection. Lane 2 is a tumor explant derived from the 
cells analyzed in lane 1 ; lanes 4 and 5 are tumor explants derived from the cells analyzed in lane 3. Lane 6 is a sanple 
prepared from control NIH/3T3 cells, /Vnrows indicate the positions of pi 70"'^* and pi 40"'®* (panels A and B) and the 
positions of the 87 kDa (the precursor). 69 kDa. and 34 kOa HGF polypeptides (panel C). 

Figure 4 demonstrates the characterization of Met chimeric protein in N1H/3T3 cell tumors. Cells were metabolically 
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labeled with [^^S] methionine and [^^S]cysteine for 6 hours and cell lysates were immunoprecipitated with 19S mono- 
clonal antibody {lanes 1-4). In lane 1 are uninjected G418 (Gibco) -resistant cells transfected with mouse N-termi- 
nal/human C-terminal chimeric met: in lanes 2 and 3 are tumors derived from cells analyzed in lane 1; in lane 4. 
NIH/3T3 control cells; in lane 5, Western blot of the same cells as in lane 1 . analyzed with anti-P-Tyr antibody (4G10) 
following immunoprecipitation with human anti-C28 peptide antibody. 

Figure 5 shows that the extracellular domain of Met'"" confers transforming potential onto Met^" (line 3 compared 
to line 2) and the Met*"" extracellular domain is only transforming when co-transfected with HGF*^" (compare lines 4 to 
5). Furthermore, the last two lines delineate the region of mef^^ between the Ndl-P\ai II sites as a region conferring 
transforming potential onto Met*^" (compare line 6 to line 4). 

Figure 6 shows a comparison of the computer-generated predicted structure of the amino acid sequence t>etween 
the conserved Nde I - Pvu II sites in the human Met (top) with mouse Met sequence (bottom). The amino acid sequence 
of human and mouse Met (between the Nde I - Pvu II sites) is depicted in the inset box - highlighted are regions where 
the amino acid sequence is less conserved (conservation is depicted by dashed lines between the human and nx>use 
sequence). The less conserved domains within the Nde I - Pvu II segment of cDNA conferring transforming potential 
onto Met either reflect domains directly involved in ligand binding, or through structural characteristics modulate either 
ligand binding or activation of the receptor following ligand binding. Therefore, applicants generated polyclonal antibod- 
ies to synthetic peptides corresponding to these sequences. Antibodies to the first domain were generated in rabbits 
against human sequence (a 1240) and mouse sequence (a 1241); antibodies to tiie second domain were generated 
against human sequence (a 1 242) and mouse sequence (a 1243). Only 1242 and 1243 precipitated human and murine 
c-met protein, respectively. 

Figure 7 depicts the reactivity of human versus mouse Met to tiie human (C28, 19S. 1242) and mouse (260, 1243) 
specific antibodies (part A). Part B demonstrates that when mouse met cDNA is transfected into NIH/3T3 cells (which 
express HGF/SF'"". endogenously) the cells are invasive in a Boyden chamber assay. (Albini et al. Cancer Res, 47: 
3239-3245 (1 987)). That is, the cells move across a filter coated with matrigel (a t>asement membrane-like compound). 
Cells transfected with the oncogenic form of met {tpr-/neO are also highly invasive in this assay. For cells to invade 
across the filter, they must not only be nxrtile, but must be atjle to degrade basement membrane components (and thus 
secrete enzymes such as collagenase or plasminogenase). Me/^" transfectants (line 2) are not invasive in tiie absence 
of human ligand. HGF/SF^". but are invasive when conditioned media from the HGF producer cell line is added. On tiie 
other hand, contransfectants of mef*"" and HGF/SF^" (line 5) are invasive in this assay 

The second column on this figure shows that 1242 antitxxly to human Met within the domain described above 
inhibits filter invasion of the me^" transfectants, co-cultured with conditioned media containing HGF/SF^". The last col- 
umn shows that this inhibition is blocked in the presence of competing peptide. On the other hand, the invasive capacity 
of cotransfectants producing Met^ ar^ HGF^" (line 4) is not blocked by the 1 242 antibody, suggesting internal, intrac- 
ellular autocrine activation of receptor by co-produced HGF/SF ligand. 

Lastiy, this figure shows tiiat 1 243 antibody did not block invasion of the filter by mef^^ transfectants (line 3. column 

3). . . 

Figure 8 shows in vivo metastasis data showing that just as mef^^ and tpr-me/ transfectants are tumongenic m 
vivo (Figure 5). tiiese cells are also metastatic in several types of assays (panels A and B), Furthermore, Met"^" (panel 
A) is DQl metastatic in vivo unless cotransfected with HGF^" cDNA. 

Figure 9 is a diagram depicting the consti-uction of plasmids pRS2 and pRS24 which are co-transfected into 
NIH/3T3 cells in the production of HGF/SF, as described in Example 2. 

Detailed Descriotion of the Prefer red Embodiments 

In one embodiment, the present invention involves a method of preventing tumor cell metastasis comprising inhib- 
iting the binding of HGF/SF with Met. By tiie term "preventing" is meant diminishing or arresting tunrror metastasis. 

It is generally accepted in the art that for tumor cells to become "metastatic", a number of coordinated events must 
take place. For instance, metastasis involves ihe process whereby cancer cells penetrate the walls of the vascular and 
lymphatic circulatory systems, enter the circulatory system, lodge ("adhere") in a "downstream" capillary bed or lymph 
node and leave ("movement/mobility") the circulatory system to penetrate into normal stromal tissue. For tiiese proc- 
esses to occur, the tumor cell must acquire invasive properties. Invasive properties include (1) tiie ability of cells to 
adhere to the extracellular matrix (due to receptors on cell surface - such as the integrins); (2) the induction of destruc- 
tion enzymes ("metalloproteases") which breakthrough the extracellular matrix - such as coilagenases and plasmino- 
genases; and (3) the migration of cells through tiie "holes" created by enzymatic destruction. Increases in the levels of 
metalloproteases secreted by cells, increases in motogenidty of cells, and changes in the pattern of expression of 
receptors, involved in attachment (integrins) have all been noted, and in some cases, correlate with the metastatic 
potential of human carcinoma cells. (L.A. Uotta, Scientific American, 54-63 (Feb. 1992)). 

It is known tiiat HGF/SF increases tiie levels of activity of at least two of thes events: the secretion of coilagenases 
and plasminogenases and motogenicity. Furthernriore, HGF/SF is known to be angiogenic and angiogenesis is impor- 
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tant for the survival of tumor cells. (J. Behrens et al., J. Cell Biol. 108: 2435-2447 (1989); K.M. Weidner et ai, J. Ceil 
Biol. Ill: 2097-2108 (1990)). By the term "rrxjtogenesis" is meant the process whereby continuous sheets of cells dis- 
aggregate, change morphology and become motile. (E. Gherardi and M. Stoker, Cancer Ceils 3: 227-232 (1991)). This 
phenomenon is also referred to as "scattering." 

Applicants have denwnstrated that HGF/SF induces motogenicity in two ways. See Example 1. below. First, as 
shown in Table 1 . cells which display a classical scattering response to HGF/SF showed rapid phosphorylation of 
endogenous met receptor on tyrosine, suggesting that scattering is activated through the met receptor. 



Table 1 



Cell Line 


Mitogenidty Index 


Scattering (w/HGF) 


Bix2NMA 


1 


+++ 


Calu-1 


1 


± 


SW620 


1.7 


++ 


HT29 


1 


+ 


HCT116 


1.5 


+ 



^Mitogenicity index = ^H-lhymidine incorporation in pres- 
ence of HGF/^H-thymidine incorporation without HGF. 



Secondly, a vigorous testing was performed on mouse breast tunwr "epithelial" cell line (CI 27 cells) transfected 
with mouse and human met cDNA's encoding the met proto-oncogene product, to show scattering in response to 
HGF/SF only in cells that express the met product from exogenously introduced met cDNA, but not in the non-trans- 
fected cells. These results are shown in Table 2: 



Table 2 



Cell Une 


Mitogenicity Index 


Scattering (w/HGF) 


C127 


3^ 




CI 27 - mef^" 


3 


++ 


Cl27-mef^" 


3 


+ 



"Stimulalion of ^H-thymidine incorporation is presumed to be 
due to low levels of exogenous c-met product in CI 27 celb. 



Inactivation of the HGF/SF-Met pathway provides the basis for the therapeutic methodologies of the present inven- 
tion, designed to prevent tumor cell metastasis. These methodologies include the production of substances which pre- 
vent the binding of HGF/SF with Met. Such sut>stances include, but are not limited to. HGF/SF or Met variants. HGF/SF 
or Met mimetics, and antibodies or antibody fragments against HGF/SF or Met which prevent HGF/SF binding with Met. 

"Variants" include, for example, oligopeptides and polypeptides which are HGF/SF species that lack or possess 
impaired me/-binding domain, or that lack or possess an impaired activating domain, but that otherwise retain the struc- 
tural and biochemical characteristics of HGF/SF Similarly, variants include Met species that lack or possess an 
irrpaired HGF/SF-binding domain, or lack or possess an impaired tyrosine kinase domain, but which otherwise retain 
the structural and biochemical characteristics of the met protein. See, e.g.. Lokker et al., EMBO J. 1 1(7): 2503-2510 
(1992). 

HGF/SF and Met species which qualify as variants according to the present invention can be produced pursuant to 
the present invention by conventional genetic engineering techniques. For example, variants can be produced by tech- 
niques which involve site-directed mutagenesis. See "Mutagenesis of Cloned DNA." in Current Protocols in Molecular 
Biology, 8.0.3 etseq. (/\usubel. et al. eds. 1989): Lokker etal, supra. 

Variants of the present invention also include, for instance, a soluble form of Met consisting of the extracellular 
HGF/SF-binding domain that acts as an antagonist of normal Met binding with HGF/SF. Such variants can be produced 
through molecular modelling techniques well known in the art of the invention. See. e.g., Fuh et al., Science 256: 1 677- 
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1680(1992). 

A metastasis-inhibiting variant of the present invention also can be a naturally occuring variant, such as HGF/NK2 
or HGF/NK1, disclosed in U.S. co-pending application serial number 07/655.502, which is hereby incorporated by ref- 
erence. HG/NK2 is a truncated form of HGF/SF encoded by alternative HGF transcripts which specify a sequence that 

5 includes the N-termlnal and first two kringle domains. HGF/NK1 is another truncated form of HGF/SF encoded by 
HGF/SF transcripts which specify the sequence that includes the N-terminal and only the first kringle domain. 

The metastasis-inhibiting substance of the present invention may be an HGF/SF or Met "mimetic." One Example 
of a mimetic is an anti-idiotype antibody, that is, an antibody which is produced by immunizing an animal with an anti- 
body which specifically binds to an epitope on an antigen. TTie anti-idiotype antibody recognizes and conforms to the 

10 combining site on the first antibody. Therefore, the shape of its combining site closely resembles the epitope which fits 
into the combining site of the first antifcKXly. Because an anti-idiotype antibody has a combining site which mimics tiie 
original antigen, it can be used as a ligand for binding witii the receptor to the original antigen. See Fineberg & Erti, 
CRC Critical Reviews in Immunology 7: 269-284 (1987). Appropriate mimetics of HGF/SF could be identified by 
screening with an HGF/SF antibody to detect which compounds bind thereto or could be produced by molecular mod- 

15 elling. See Morgan et ed., "Approaches to the Discovery of tiie Non-Peptide Ligands for Peptide Receptors and Pepti- 
dases." in Annuai Reports in Medicinal Chemistry (Academic Press 1989). at pages 243 etseq. 

The metastasis-inhibiting substance of the present invention also can be an antibody or antibody fragment against 
HGF/SF or Met which Inhibits binding of HGF/SF witii Met. An "antibody" in accordance with the present invention 
includes a whole antibody and parts thereof, eitiier alone or conjugated with otiier moieties. AntilxxJies indlude polydo- 

20 nal antibodies, monoclonal antibodies, and single chain antibodies. Antibody fragments are those that bind HGF/SF or 
Met. including Fab and F(ab)2 fragments, inter alia. The antibodies of the present invention can be made in animals or 
by recombinant DNA techniques well-known to the skilled artisan. 

In one embodiment of tiie present invention, applicants produce polyclonal antibodies against synthetic peptides 
con-esponding to Met extracellular domains involved in ligand binding or tiie modulation of ligand binding. See Figures 

25 6 and 7 and description thereof. 

/Applicants have developed a protocol for tiie in vitro testing of inhibitors of ligand binding directed against Met 
which measures the ability to block tumor invasion or metastasis. For example, applicants have discovered that 
NIH/3T3 cells transfected with HGF/SF and me/^" are "invasive" in a Boyden-chamber assay, as are cells witii mef^" 
(which produce murine HGF/SF endogenously) and the oncogenic form of met, pr-met. Similarly, me^" transfectants 

30 are invasive when in "conditioned medium." i.e. medium containing HGF/SF^". /Applicants have further discovered that 
"1242" antibodies generated against a peptide sequence within the exti-a-cellular domain of Met, blocks the invasive 
potential of the tumor cells. 

Indeed, chimeric mouse/human experiments, such as tiiose disclosed in Example 2 and discussed with reference 
to Figure 5. enable the definition of domains of tiie Met receptor and HGF/SF which are involved in ligand/receptor bind- 

35 ing. Through mathematical, computer assisted computations, such as tiiose shown and described under Figure 6, it is 
possible to define regions witiiin the domains which are different in the mouse and human. These "differences" may 
modulate species specificity in responses to HGF/SF and antibodies against such regions can be tested for their ability 
to inhibit HGF/SF binding. Thus, applicants have provided a method for in vitro testing of tumor metastasis inhibition 
applicable to the development of compositions for in vivo use. 

40 The delivery of tiie tumor metastasis-inhibiting substance of the present invention to the selected site of action may 
be achieved using conventional methods of drug delivery, gene transfer, or any combination thereof. See K.J. Van Zee 
et at. PNAS 89: 4845-49 (1992). Means for delivery include conjugation to a cartxjhydrate or carrier protein; adminis- 
tration with any slow release complex recognized in the field; compounding in other delivery systems, such as micro- 
spheres or liposomes; or adminstering in an expression vector system. One method of delivery applicable to the 

45 present invention involves the coupling of tiie tumor metastasis-inhibiting substance of the present invention to polyeth- 
ylene glycol or polypropylene glycol to produce a physiologically active non-immunogenic water soluble composition, 
according to tiie metiiod of Davis et al., U.S. Patent No. 4,1 79,337. 

Administration of such a composition may be accomplished by any method known to the skilled artisan. For 
instance, the composition may be in an aqueous solution which is injected into the mammalian circulatory or intramus- 

50 cular system. The determination of the proper dosage depends upon a number of case specific variables, including the 
age and weight of the mammal, and involves routine experimentation within the expertise of the skilled artisan. 

In another emtxxitment of tiie present invention, artificial activation of the HGF/SF-Met pathway provides the basis 
for therapeutic methodologies designed to restore, replace, or enhance naturally occurring biological activities. These 
methodologies include delivery to the site of activation HGF/SF or Met variants or mimetics which enhance the binding 

55 interaction between Met and HGF/SF and thereby create an artificially sustained HGF/SF-Met interaction. For example, 
site-directed mutagenesis of the HGF/SF -binding domain of Met. or the Met-binding domain of HGF/SF (or t>oth) may 
be used to create a member of the HGF/SF-Met pair with higher binding affinity for the other member of the pair and 
thus affect accelerated growth or regeneration of wounded tissue. Similarly, conventional recombinant DNA techniques 
could be used to enhance or sustain the kinase activity of the Met protein normally regulated by HGF/SF binding, 
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iocluding Met mutations possessing a constitutively activated tyrosine kinase. Activation of the HGF/SF-Met patliway 
by means of supplementing the natural expression of Met by recombinant DNA technques in combination with exoge- 
nously administered HGF/SF is also included within the scope of the invention. 

Delivery of genetically engineered HGF/SF or Met species to the selected site of action can be achieved using con- 
5 ventional methods of drug delivery, gene transfer, or any combination therof, as discussed above in connection with the 
delivery of substances which inhibit tumor metastasis. 

In another embodiment of the present invention, applicants present a method for producing human HGF/SF Spe- 
cifically, applicants have discovered that mouse fibroblast NIH/3T3 cells express surprisingly high levels of HGF/SF 
from a transfected long terminal repeat (LTR) vector recombinant construct containing human HGF cDNA. Applicants 
10 have discovered that the highest levels of HGF are detected in N1H/3T3 cells when an LTR human c-met proto-onco- 
gene (cDNA vector) is co-transfected with the human LTR/HGF construct and cells are derived from secondary tumors. 
See Exanple 2. below. One advantage of this cell line is that the transformed cells can grow to high cell density. Accord- 
ingly, this cell line produces extremely high levels of HGF/SF. about 1 mg of HGF/SF per liter (1250 units per ml). In com- 
parison, another cell line derived from human keratinocytes, ndk cells, produces approximately lO^g per liter per 48 
IS hours. See J. C. Adams, et af,, Science 98: 385-394 (1991); E.M. Rosen, et ai, BBRC 168(3): 1082-1088 (1990). It is 
therefore unexpected to obtain the yield of Img/liter of HGF/SF from NIH/3T3 cells co-transfected with the recombinant 
vector constructs of the present invention. 

Thus, one embodiment of the present invention relates to a method of producing HGF/SF comprising the steps of: 

20 (a) transfecting NIH/3T3 cells with DNA encoding HGF/SF^" and Met^"; 

(b) introducing cells transfected in accordance with step (a) into a mammal, thereby generating a primary tumor; 

(c) explanting and propagating cells of the primary tumor in vitro: 

(d) selecting those cells propagated in accordance with step (c) which express high levels of HGF/SF^" and high 
levels of Met*^; 

25 (e) introducing cells selected in accordance with step (d) into a mammal thereby producing a secondary tumor; 

(f) explanting and propagating cells of the secondary tumor in vitro: and 

(g) obtaining HGF/SF^" produced by the cells of step (f). 

The DNA of the present invention comprises a first DNA vector comprising, in operable linkage, a promoter derived 

30 from a long terminal repeat of a retrovirus, DNA encoding the entire coding domain of human Met and a polyadenylation 
signal and a second DNA vector comprising, in operable linkage, a promoter derived from a long terminal repeat of a 
retrovirus. DNA encoding human HGF/SF and a polyadenylation signal. 

/^though the production of the DNA vectors of the present invention may be accomplished by a variety of methods 
known to the skilled artisan, production is exemplified in Example 2, in the discussion of cDNA plasmid constructs and 

35 cell lines. The preferred DNA vectors of the present invention are depicted in Figure 9. 

Cells transfected with HGF/SF*^" and Met^" LTR-cDNA are introduced into mammals, according to methods well- 
known in the art, preferably by injection. See Blair, D.G., et al, Science 218: 1122-1125 (1982). TTie preferred mam- 
mals of the present invention are nude mice. Primary tumors which develop in these mammals after 5-10 weeks are 
explanted and propagated in in vitro culture, as described in Example 2, with regard to "nude mouse assays" In vitro 

40 propagated primary tumor cells are then subjected to immunoprecipitation analysis to ascertain which cells expressed 
high levels of HGF/SF^" and high levels of Met^". See Figure 3 and the above description thereof. For instance, 
explanted cells may be metabolically labeled and then immunopreciptated with Met^" monoclonal antibodies (mono- 
clonal 19S), concentrated, then immunopreciptated with HGF/SF*^" monoclonal antibody /\3.1.2. High levels of 
HGF/SF*^" and Met*^" are determined with reference to expression levels in the starting material. Thus, any level of 

45 expression higher than that observed in the starting material is considered "high" for purposes of this method. Cells 
expressing high levels of HGF/SF^" and Met^" are then introduced into mammals and secondary tumors which develop 
are explanted and propagated in vitro, according to methods well-known in the art. See Blair, D.G., et al., Science 218: 
1122-1125(1982). 

HGF/SF^" expressed by the explanted secondary tumor cells are then purified as described in Weidner et al., J. of 
so Cell Biol. Ill: 2097-2108 (1990). although other methods applicable to the present invention are well-known to the 
skilled artisan. 

In yet another embodiment, the present invention relates to three C-terminal isoforms of mouse and human Met 
derived from NIH/3T3 cells transfected with met cDNA. /^though these isoforms most likely resulted from post-transla- 
tional processing, applicants cannot exclude possible rearrangements of the transfected cDNA. Several met products 
55 truncated in the C-terminal have been reported (Prat. M., et a/. Moi Cell. Biol. 1 1 : 5954-5962 (1991)) but these prod- 
ucts are different from the isoforms according to the present invention, because they do not react with C-terminal anti- 
Ixxiies. Moreover, these isoforms are detected only in cells expressing high levels of met, indicating that they are 
present in low abundance. 
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Example 1. The c-met Dfoto-oncoaene is the r eceptor associated with motoaenicitv. 



The ability of HGF/SF to induce mitogenesis and/or scattering (motogenesis) in a number of human carcinoma cell 
lines that express c-met receptor was examined. Cell lines shown in Table 1 , above, were plated in 96 well tissue culture 

5 plates at 1 X 1 0*- 5 X 1 0* cells/ml and allowed to grow to near conf luency. Wells were washed free of serum and cells 
starved for two days in serum-free media. The following day, cells were treated with either no sera, sera, or 10ng/ml 
HGF/SF for 16-1 8 hours, and then 1 nCi of ^H-thymidine was added per well (5fiCi/ml) for another six hours. The assay 
was terminated by washing wells free of label with ice-cold PBS. fixing the cells in 5% TCA. and solubilizing the DNA 
with 0.25 M NaOH. Samples were then counted in scintillation vials. The mitogenidty index is the ratio between thymi- 

10 dine incorporated in the absence of sera versus that stimulated by HGR For motogenidty assays, cells were plated at 
2 X 10^/ml in 16^well chamber slides (LabTek) and grown until about 60% confluent Cells were than washed free of 
serum and incubated overnight in serum-free media +/- HGF/SF (lOng/ml). Slides were fixed with ice cold acetone for 
10 minutes, stained with crystal violet (5 minutes), and rinsed well with water. Qualitative changes in "scattered pheno- 
type" were recorded. 

15 To demonstrate that the introduction of c-met into an epithelial cell line confers "scattering" activity onto the cells, 
C127 cells were transfected by lipofection (BRL) with either human met cDNA or murine met cDNA. Mitogenidty and/or 
nrrotogenicity was measured as in Table 1 . The results of this study are set forth in Table 2, above. 

Example 2. Production of HGF/SF in NIH/3T3 Cell Line 

20 

cDNA plasmid constructs and cell lines. Met cDNA plasmids were constructed in pMB1. a derivative (without 
the polylinker sequences) of pMEX. Oskam. R.. et ai Proc. Nat'i Acad. Sci, USA 85: 2964-2968 (1988); that contains 
the long terminal repeat (LTR) promoter from Moloney murine sarcoma virus (MSV) and the polyadenylation signal of 
simian virus 40. The meh^ plasmid was constructed by replacing an internal 300-bp EcoRI fragment with the 250-bp 

25 EcoB\ fragment of pOK in the 4.6Kb mef^" sequence containing the open reading frame. Park, M.. et ai Proc. Natl 
Acad Sd. USA 84: 6379-6383 (1987); Rodriguez et al., Mol. Cell Biol. 1 1 : 2962-2970 (1991). The mef^" plasmid con- 
tains the entire 4,6-Kb mouse met open reading frame. Iyer. A., et af. Cell Growth & Diff. 1:87-95 (1990). Chimeric 
human/rnouse met constructs were made using the conserved PvuW site (amino acid 807). A HGF*^" plasmid was con- 
structed by inserting the 2.3 kb BamW-Kpr)\ fragments of the human HGF sequence into the BamH^-Kpr^\ sites of 

30 pMEX. Nakamura. T. etaf. Nature 342: 440-443 (1989): Oskam, R., etal. Proc. Nat'i. Acad Sci., USA 85: 2964-2968 
(1980). NIH/3T3 490 cells w^e grown in DMEM (Gibco) with 8% calf serum (Gibco). 

DNA transfection. The caldum phosphate method of DNA transfection (Cooper. C.S., et al. Nature 311:29-33 
(1984)) was earned out by mixing plasmid DNA (2 ng in 75 ^1 of water containing 8 ^g of calf thymus carrier DNA) with 
75 of 0.67 M CaCl2- This mixture was added dropwise to 0.15 ml of solution H (0.27 M NaCI. 0.01 M KCI. 0.0014 M 

35 Na2HP04.7H20. 0.012 M dextrose) with continuous agitation. After remaining at room temperature for 30 minutes, the 
mixture was added to cells having about 70% confluence on a 35-mm dish containing 1 ml medium with 0.01 M Hepes 
buffer. Cells were incubated at 37^C for 4 hours, then treated with 15% glycerol (v/v) in solution H for 2 minutes. For 
G41 8 selection, cells were re-fed with DMEM and 8% calf serum overnight and subsequently transferred to three 60mm 
dishes. After 24 hours incubation, cells were fed with medium containing 400 ^ig/ml G418 (Gibco) twice a week. 

40 Northern analysis. RNA was isolated using RNAsol (CINN/VBIOTECX). Twenty micrograms of RNA was sub- 
jected to electrophoresis on 1% denaturing formaldehyde agarose gels followed by transfer to nitrocellulose filters (Sch- 
leicher and Schuell). Blots were hybridized at 42*»C for 15 hours to ^^P-labeled randomly primed DNA probes (10® 
cpm/^g) in 30% formamide. 6x saline sodium citrate (SSC), 5x Denhardt's solution. 50mM sodium phosphate (pH 6.8), 
and sonicated salmon sperm DNA (250 jig/ml). After hybridization, filters were washed twice in 1x SSC and 0.1% SDS 

45 at room temperature and in 1x SSC and 0.1% SDS at 50**C. Filters were dried and exposed to X-ray films for 1-3 days 
at -70°C. 

Immunoprecipitatlon. Near-confluent cells were labeled with 0.25 mCi of Translabel (ICN) (1 mI/35-mm dish) for 
4 to 6 hours in DMEM lacking methionine and cysteine (Gibco). The labeled cells were lysed in 0.5 ml of RlPA buffer 
[1% Triton X-100, 1% sodium deoxycholate, 0.1% sodium dodecylsuHate (SDS), 0.15 M NaCl, 0.02 M NaP04. pH 7.2. 

50 1 mM phenylmethylsulfonyl fluoride (PMSF). 2 mM EDTA. 50 mM NaF, 30 mM sodium pyrophosphate]. Clarified lysates 
having equal radioactive counts were immunoprecipitated with 19S monodonal anti-met antibody. Faletto, D.L. et ai. 
Oncogene 7: 1 1 49-1 1 57 (1 991 ) at 4°C overnight. Immunopredpitates were complexed to protein G-sepharose (Gttx»), 
then washed twice with RlPA buffer and high-salt buffer (1 M NaCI. 10 mM Tris-HCI. pH 7.2. 0.5% Triton). The immuno- 
complexes were solubilized by boiling in SDS sample buffer in the presence of 5% p-mercaptoethanol. Samples were 

55 analyzed by SDS-polyacrylamide gel electrophoresis followed by treatment with fluorographic enhancer (/^lify™. 
/Vmersham) and fluorography with an intensifying screen at -70°C. 

SP260 is a peptide antibody made from rabbit antisera, directed against the C-terminal 21 amino adds of mef^"". 
(Iyer. A., et ai. Cell Growth & Diff. 1: 87-95 (1990)). A3. 1.2 is an anti-human recombinant HGF monoclonal antibody 
(IgG. subclass G2a). 
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Pulse chase analysis. Near-cortfluent cells were labeled for 45 mi n with 0.25 mCi of Translabel in 1 ml (per 35- 
mm dish) DMEM lacking methionine and cysteine. TTie cells were washed twice and chased with complete medium for 
3 hours, then lysed and sut)jecled to immunopredprtation analysis. 

Surface lodlnation. Near-confluent cells were labeled with Na ^^^1 in the presence of lodo-Gen (Pierce). Twenty 

5 microliters of the lodo-Gen reagent (10 mg/ml in chloroform) was added to the t>ottom of a l-dram vial and dried with a 
stream of nitrogen. The lodo-Gen was then dissolved in 1 M Tris with 10 mM EDTA (pH 7,5) and added to the cell pellet. 
Na ^^^1 (0.5 mCi) was added to the reaction for 10 minutes. The labeled cells were washed three times with PBS. then 
lysed with RlPA buffer and subjected to immunoprecipitation analysis. 

Western analysis. Near-confluent cells on a 100-mm dish were washed twice with cold TBS (10 mM Tris pH 8.0, 

TO 150 mM NaCI) and lysed in 1 ml of lysis buffer (25 mM Tris-HCI. pH 8.0, 100 mM NaCI, 50 mM NaF. 1% Triton X-100. 
10 ^g/ml aprotinin. 10 ^g/ml leupeptin. 1 .25 mM PMSF, 1 mM vanadate). One milligram of protein was immunopredp- 
itated with anti-C28 anti-Met*^ polyclonal antibody (Gonzatti-Haces. M. etaL, Proa Natl. Acad. Sci. U.S.A., 85: 21-25 
(1988)) and subjected to Western analysis with either anti-phosphotyroslne (anti-P-Tyr) antibody, 4G10 (Monison. D.K., 
et a!., Cell, 58: 649-657(1989)), or human or mouse mef-specific antibodies, 19S monoclonal (Faletto. D.L., et al., 

IS Oncogene 7: 1 149-1 157 (1991)) or SP260 (Iyer, A,, etai.. Cell Growth &Diff.\: 87-95 (1990)). respectively ^^®i-protein 
A (Amersham) was used to detect positive bands according to the manufacturer's instructions. 

Nude mouse tumor assay. The assay was performed as previously described (Blair, D.G„ et al,, Science 218: 
1 122-1 125 (1982)). Transfected and G418 selected N1H/3T3 cells (10®) were washed twice and resuspended in 0.1 ml 
of serum-free medium. The cells were injected onto the back of weanling athymic nude mice (Harlan Sprague Dawley, 

20 Inc.). Tumor formation was monitored each week for up to 1 0 weeks. Tumors were explanted when they reached 1 5 mm 
in size, and the tumor cells were SLi}jected to immunopredpitation analysis. 

Soft-agar assay. Soft-agar growth assay was carried out by modification of Blair et al.. Virology 95: 303-316 
(1979). Briefly, trypsinized cells were suspended at 2 x 10^ and 2 x 10^ cells in 8 ml of DMEM (Gibco) with 10% calf 
serum and 0.24% purified agar (DIFCO) and quickly transferred to a duplicate 60-mm dish containing a hardened base 

25 layer of DMEM with 10% calf serum and 0.27% agar. Plates were fed with 2 ml of DMEM with 10% calf serum and 
0.27% agar at weekly intervals. Colonies were counted microscopically after 3 weeks incubation at 37**C. 

Expression of Met**" and Met™" in NIH/3T3 cells. Plasmids containing mef^" protooncogene cDNA were 
cotransfected with pSV2neo into NIH/STS cells and G418 - resistant cells were screened for human or mouse Met 
expression by immunoiDredpitation analyses. These analyses show that both human and mouse pi 70^®* and p140'"®* 

30 are expressed in transfected NIH/3T3 cells (Fig, 1 A. lanes 2 and 3, respectively). Similar levels of met^^ expression in 
NIH/3T3 cells has been reported (Iyer, A., ef al., Cell Growth & Diff. 1 :87-95 (1 990)). Applicants found little or no expres- 
sion of the endogenous Met""" in the G41 8-resistant cells expressing Met^". Appropriate processing of Met^" and 
Met™ was examined by pulse-chase labeling experiments and these studies showed that p170'"®* synthesized during 
a 45 minute pulse (Fig. 1 B, lanes 1 and 3) was efficiently processed after 3 hours into the mature pMO"'®* (lanes 2 and 

35 4). Moreover, human and mouse Met were localized on the cell surface. Applicants labeled intact cells with Na^^^l and 
immunoprecipitation of the lysates showed that both forms. p140'"^* and p170'"®* were iodinated (Fig. 1C). Thus, 
human or mouse Met expressed in N1H/3T3 cells is correctly processed and localized on the cell surface. These anal- 
yses also show that pi 70"^®* arrives at the cell surface uncleaved. The iodination of pi 70"^®* did not result from lysed 
cells, since under similar iodination conditions the cytoplasmic tpr-met oncoprotein was not detected. (Gonzatti-Haces, 

40 M.. etai. Proa Natl Acad Sci. USA. 85: 21-25 (1988)). Furthermore. p170'"®* expressed in Okajima cells, a human 
gastric cardnoma cell line that overexpresses met^" is also labeled by surface iodination (data not shown), kxrt the ratio 
of pi 70"^®* to pi 40"™®* labeled was less when compared with NIH/3T3 cells. 

Constitutive tyrosine phosphorylation of met in NIH/3T3 cells. By Northern hybridization analyses, applicants 
detected HGF/SF mRNA expression in NIH/3T3 cells and in cells transfected with either met^^ or mef^^. Applicants 

45 observed the same level of HGF/SF mRNA expression, suggesting that overexpression of me/^" or meP" in the G418 
selected lines did not affect endogenous HGF/SF expression. These results also suggested that Met might be activated 
in an autocrine fashion. Therefore, applicants examined whether the Met^" and Met"™" expressed in these cells reacted 
with anti-P-Tyr antibody Extracts from cell lines expressing Met^" and Met'"" were subjected to immunoprecipitation 
with human- or mouse-specific peptide antibodies followed by Western analyses using either anti-P-Tyr antibody (Fig. 

60 2A and B). or human (Fig. 20), or mouse-spedfic (Fig. 2D) Met antibody These analyses show that both pi 70^®* and 
p^4Qm©t Met^^" and Met^" reacted strongly with anti-P-Tyr antibody This is the first example demonstrating tyrosine 
phosphorylation of pi 70"^®* react with anti-P-Tyr antibody One line expressed Met^" at very high levels (Fig. 2 A and C, 
lane 1). This was an exception since all other Met^" lines expressed levels comparatrfe to lines analyzed in Fig. 2A and 
C, lanes 2 and 3. Additional G-terminal Met protein products (p85. p75. and p65) were detected with C-terminal anti- 

55 bodies in cells expressing either mouse or human met (Fig. 2A-D. lane 1). 

Tumorigenicity of met in NIH/3T3 cells. Applicants observed that NIH/3T3 cell cultures expressing Met'"", but not 
Met^". were transformed (Iyer. A., ef al., Cell Growth & Diff. 1 : 87-95 (1990)) as shown in Figure 5. This was confirmed 
by testing for their tumorgenicity in nude mice following transfection and G418 selection. NIH/3T3 ceils expressing 
met^^ were highly tumorigenic as shown in Table 3, below, while cells expressing mef^^ were low in tumorigenicity and 
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only in one line out of eight tested produced tumors. 



Tables 



Tumorigenicity of NIH/3T3 Cells Transfected With me^"" or mef^" cDNA 


Cells* 


Transfected genes 


Mice with tumors/No. 
tested 


Latency (weeks) 


NIH/3T3 


neo*^ 


0/8 




123-1 


neo^ me/''" 


2/23 


5 


121-5 


neo^ /7?ef^" 


12/12 


3-5 



Cells (1 0^ were washed twice with serum-free medium and injected subcutaneously 
on the back of weanling athymic nude mice. Tumor formation was monitored each 
week up to 10 weeks. 



These tumorigenic lines, before injection, produced high levels of Met^" (Fig. 2A and C. lane 1) compared to lines 
20 that were not tumorigenic (Fig. 2A and C, lanes 2 and 3). The tumor explants of this line displayed even higher levels of 
Met^. The levels of a Met^" line before injection is shown for comparison (Fig. 2B and D, lane 1). Cell lines expressing 
lower levels of Met"'" are also tumorigenic in this assay. The two tumors generated by line 123-1 (Table 3) showed 
increased levels of endogenous Met'"" expression and reduced levels of Met^", suggesting that they may have arisen 
through mouse met amplification as previously described- Cooper, C.S.. et al., EMBO d 5: 2623-2628 (1986); Heldin, 
25 C.-H. ef a/., Eur, J. Biochem. 184: 487-496 (1989). Applicants conclude that Met^" is poorly tumorigenic in NIH/3T3 
cells. 

Tumorigenicity of NIH/3T3 cells cotransfected with mef*^" and HGF/SF^". One explanation for the low tumor- 
igenicity of met^"- transfected NIH/3T3 cells is that mef^" receptor activation by endogenous HGF/SF'"" may not pro- 
vide sufficient signal. /Applicants therefore tested whether transfection of both me/^" and HGF/Sf=^" cDNAS would 
30 increase tumorigenicity through an autocrine mechanism. These analyses show that NIH/3T3 cells cotransfected with 
mef^" and HGF/SF^^ are highly tumorigenic (Table 4). 



Table 4 



Tumorgenidty of NIH/3T3 Cells Transfected With me^"" ± HGF/SF^'' cDN/^ 


Cells 


Transfected genes 


Mice with tumors/No. 
tested 


Latency (weeks) 


NIH/3T3 


neo** 


0/6 




132-4 


neo^ mef^" 


0/6 




132-3. 137-5 


neo^ mer^". HGF*^" 


17/19 


4-6 


137-4 


neo^ HGF^" 


3/7 


7 



Moreover, the tumor cells showed increased levels of both Met^" and HGF/SF^" (Fig. 3A and C, respectively; lanes 
2, 4, and 5). In the tumor explants characterized in lanes 4 and 5, high levels of both Met""" and HGF/SF^" are 
expressed. None of the cell lines showed amplification of endogenous me/^" (Fig. 3B). Applicants found that 

so HGF/Sf^"-transfected N1I-I/3T3 cells also produced several tumors, hut the levels of HGFISF^^ product expressed in 
tumor cells derived from explants was not as high as the levels expressed in tumors from the mef^"-HGF/SF^^ cotrans- 
fection experiments (Fig. 3C). In one out of five HGF/SF^" tunnors. elevated levels of endogenous me/^" was detected. 

Tumorigenicity of chimeric human/mouse met in NIH/3T3 cells. To test whether the ligand binding domain 
influenced tumorigenicity, applicants generated chimeric human/mouse met receptor molecules and tested their tum- 

55 origenicity in nude mice (Figure 5). /Applicants used a conserved PvuW site in the external domain adjacent to the trans- 
membrane coding sequences to make these recombinants. It was found that when the nnouse external ligand-binding 
domain was linked to the human trans-membrane and tyrosine kinase domains, the chimeric receptor displayed tumor- 
igenic activity equivalent to that of the Met^" (Figure 5). Explants of these tumors showed an increased level of chimeric 
Met protein that was recognized with human antibody directed against the human tyrosine kinase domain (Fig. 4. lanes 
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2 and 3). No evidence for met^" anplification was observed in these tumors, and the chimeric product was recognized 
by West rn analysis with anti-P-Tyr antibody (Fig. 4, Ian 5). 

In contrast to the high tumorigenidty of the chimera with the nrtouse Met external ligand-binding domain, the recip- 
rocal human N-terminal/mouse C-terminal chimera was poorly tumorigenic. However, as with the Met*^", when this chi- 
5 mera was cotransfected with HGFISF^^ cDNA. efficient tumor formation was observed (Figure 5). Applicants also show 
that cells expressing the met^"-met^ chimera, before injecting into nude mice, are transformed and form colonies in 
soft agar like mer"-transfected cells. The met^"-met"^" cells do not display a transformed phenotype unless coex- 
pressed with HGF/SF Applicants concluded that the Met"^" external ligand-binding domain is a major factor in deter- 
mining tumorigenidty. 

TO While the foregoing invention has been described in some detail for purposes of darity and understanding, it will 
be appredated by one skilled in the art from a reading of this disclosure that various changes in form and detail can be 
made without departing from the true scope of the invention. 

Claims 

15 

1 . The use of a substance which prevents HQF/SF from binding with Met in the preparation of a medicament for use 
in a method of preventing tumor cell metastasis, wherein in said method, a tumor-bearing mammal is treated with 
an effective inhibiting amount of said substance. 

20 2, The use according to daim 1 wherein said substance is selected from the group consisting of HGF/SF variant, 
HGF/SF mimetic and antibody or antibody fragment against HGF/SF 

3. The use according to claim 1 wherein said substance is selected from the group consisting of a Met variant. Met 
mimetic and antit>ody or antibody fragment against Met. 

25 

4. The use according to daim 3 wherein said antibody is a polyclonal antibody generated against a peptide sequence 
within the extracellular domain of Met. 



30 



35 



40 



45 



50 



55 



11 



EP 0 805 203 A1 



e> 



co 

CM 



05 O 
^ CO 



I I 



LO 



CO 



CO 



CD ^ 

— CO I 



03 



tt 

II 

12 



o 
o 

CM 



I 

i 

CM 
CD 



CD 
CO 



CD 



CD 



CO o 
3^ CM 



cvi 
cn 



OD 
CO 



CO 



EP 0 805 203 A1 



OO 
OlQ. 

1 1 



(D <D 

o o 

Q-Q- 



C\J 



C\J 




W r 



CD 
CVJ 



(1) 03 

o o 

Q-Q. 



O 
CM 

S2 

Li. 



o 
E 



OO 



CO 



CM 



< 
o 




CL 
C5 



CO 
CVJ 



o 

OJ 
CD 



I 



CD 
C5 



13 



EP 0 805 203 A1 



ro 



CD 

in 

CO 
CvJ 



1 i 



1 

03 O 

O o 

^ CM 



t I 

in cn 

CVJ ^ 



cn 



CD 
fO 



to 
in 

CO 



C9 ^ 



ii 



fC o 

3^ CVJ 



in a> 

CNJ <^ 
cn 



in 



< 
ro 

o 



in 

CO 

CVJ 



> 1 
II 



ro o 



I I 

in CD 

cxi ^ 

CD 



in 



14 



EP 0 805 203 A1 



FIG. 4 

1 2 3 4 5 



kDa 
200 — 

92.5 — 
69- 

46 — 



30 — 



EP 0 805 203 A1 



CD 



CO 

< 

Q 
O 

V- 
lU 

o 

LU 



o 

UJ 

cn 



< 

ZD 



o 

UJ 
U- 

05 

< 

DC 
I— 

<7D 
_J 
—J 
LU 
O 

CO 

I— 

CO 



UJ 

cc 

UJ 
CL 

o 

CE 
Q- 

O 



oc 
o 

U- 

< 
a: 



2 ^- ^ 

ZZ \x~ fX, 

o < o < 

f! s ^ 2 

O GC Z < 

o o — 



Q 

UJ LU 

^ Q_ 

^ UJ 

< ? 

oc CI- 



OC CO 

. O UJ 

"15 



CO 
LU 



O 

Q 
LU 
I— 
O 



CO 



<: 



ft ft 

2: -z. 



. ^ 

CO CO CO 



^ ^ ^ ^ 

o to <o 




X 



> > > 
Q_ a. OL 



CO 



<1> 



X 
X 



o 



Q- 
UJ 

cc 



CO 



O Q 

O 2: 



CO 



UJ 



Oj CD 



a> <i> OJ a> 
E e E E E 



? => g => g 

^ -E- ^ -E- ^ 

CU <D c5 CD CD 

E E E E E 



a> 
E 



16 



EP 0 805 203 A1 




EP 0 805 203 A1 



Oa^OO^Oa^oa^Oc^Oo^ 
ininiom\o\Dr^vor-r^coco 




18 



EP 0 805 203 A1 




EP 0 805 203 A1 



CO 

UJ 

o 
o 

CQ 



IJJ 



Q 

O 
I— 

I— 
LU 

Ll_ 

o 



< 



CC 

<: 



CD 
CM 



OJ 



o 

CO 
CNi 



CO 

CD 



CO 
C\J 

O 



UJ 

o 
cx 

UJ 

a. 

-4- 

CVJ 



CD 



2: ^ 2: :2 



UJ 

o 

Q 
UJ 
I— 

o 

UJ 

u. 

CO 

:2 
<: 

CC 



£2 



O 

CO 
CO 

< 

UJ 

> 

CO 



o 

CC 



CD 



CM 



CM 
CM 



CO 



a: 

UJ 



UJ 

O 
o 

UJ 

o 



CO 



< 

CC 



9 - - 



o 







3 






3: 
o 
a: 


ZD 






.met 


.mel 


CD 


o 

CD 




*o 
a> 
c; 



CO 



> 

DC 
UJ 
CO 
CQ 

o 



UJ —J 



O 

CO 



UJ 

o 

CC — 

LU O 



o 

CC 

u. 

o 



o 

LL. 

O 

UJ 

o 



CD 

) 

< 

Q 
UJ 

eg 
CC 
o 

CO 
UJ 
Q 

CO 
<C 

CO 
CC 
UJ 
CQ 

:s 
<c 
ni 
o 

UJ 
Q 
>- 

i ?i Q £ 



O 
CC 
u, 

o 
o 
m 

O 



CO 
CD 

< 

UJ 



CC rc 
O cj) 

CC <: 

UJ UJ 

a. CO 

CO LIJ 

< CC 
5 CC 

CO 5 
CO < 

< <^ 

□c 



CO 

a: 



CO 

llT 

_ - O 
2: CC DC 



> 
o 



CC 

<: 



^ o 

O CD 

UJ i= 

i— LU 
S CO 

>. CO 

UJ ^ CO 

UJ T= U_ 

8if 

</5 CO a> 

< d s 

O DC J- 
£=3 ^ Q- 

So 

< o 

> Q_ 
^ CO 
ra UJ 

CO QC 

^ cr 

CO O 



CC 

>- 

Q 
O 

CQ 



< 

o 



52 UJ 



o 



Is 

— -% 2: 
o ^ ^ 

^ o 

< o <c 

CO ^ o 
<; UJ 

CM s S£2 

^ 9 < 

^ O DC 



CO 
CM, 
CM 
CM 

UJ 

o 
I— 

G- 
UJ 

Q_ 



o 



CC 
UJ 



o 
o 



20 



EP 0 805 203 A1 



CO 



CO 
CO 

CO 

LU 



CD 



Q 
LU 



UJ 

O 
> 
> 



CO 
UJ 



o 

UJ 

!< 



CO CO 



o 

UJ 



CO 
UJ 



CO 
CO 



CO 



CO 



o 

Q 

o 



CO 



< 
cc 



o 
at 



CO 
CO 



r3 

e 



CD 

E 



cr> 



o o o 

QJ) CD CD 

cz c c: 



CO 
CO 

CO 

< 



CO 

r> 
o 

UJ 



O 
co 



o 
> 

CD 



O CO 



UJ LU 
UJ 



< 

cr 
O 

o 
oc 



CO 
CO 

^ o 

CO UJ 

LU 



UJ 

t: 

CO 

o 
o 

LU 



UJ 

2: 

LU 
CD 

O 
LU 
I— 

o 

LU 
U- 

CO 

< 
cr 



UJ CD 

H UJ CL 

(- < 



O 

o 

CO 



CO CVJ 
^ CNJ 



O O 
CO b£ 



o o 

CD CJ 



Q. 

CO 



o 



CD 



=3 

Jd 



O 



O 



2^ 
=d ^ <^ 



2 

o 

LU 

O 
LU 



CD" OC 
— O 
U- 

P Q 

^ UJ 

UJ o 
:2 =; UJ 

— U nr 

Q CO o 
^ CL ^ 



LU 
CC 
UJ 



CO 



< < 

LU O _ 

S ^ < 

LU LU CD 

LU ^ CC 

CC j± O 

O o: 



QC 
O 



CO 



UJ 

o 



LU UJ 



CO 

< 



o ^ 

O CL 

■ - <c 

— LU 

^ O 



^ O ^ 
LU CQ 2: 

□C =3 ^ 

LU CO 3E 

S Q ^ 



CO 



o 

' LU 



LU 

o 



LU 

o 



DC 

o 



LU 
Q 



21 



EP 0 805 203 A1 



FIG. 9A 

EcoRI 




22 



EP 0 805 203 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 20 1105 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indicalion, where appropriate, 
of relevant passages 



RelevaBt 
Co I 



CLASSIFICATION OP THE 
APPUCATION ([nt.CL6) 



WO 91 12272 A (IMP CANCER RES TECH) 22 
August 1991 

* page 1, line 23 - page 2, line 2 * 

* page 17, line 17 - line 25; claim 10 * 

WO 92 05184 A (US ARMY) 2 April 1992 

* page 3, line 3 - line 19 * 

* page 5. line 31 - page 6, line 6; claims 
1,12 * 

WO 92 13097 A (US ARMY) 6 August 1992 

* page 12, line 20 - page 13, line 10 * 

EMBO J., 

vol. 11, no. 7, July 1992. OXFORD 

UNIVERSITY PRESS, GB;, 

pages 2503-2510, XP002036379 

N.A. LOKKER ETAL.: "structure-function 

analysis of hepatocyte growth factor: 

identification of variants that lack 

mitogenic activity yet retain high 

affinity receptor binding" 

* the whole document * 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, 

vol. 180. no. 2, 31 October 1991, 
pages 1151-1158, XPOO0230641 
NOBUYUKI SHIMA ET AL: "TUMOR CYTOTOXIC 
FACTOR / HEPATOCYTE GROWTH FACTOR FROM 
HUMAN FIBROBLASTS: CLONING OF ITS CDNA, 
PURIFICATION AND CHARACTERIZATION OF 
RECOMBINANT PROTEIN" 

* the whole document * 

EP 0 456 188 A (NAKAMURA TOSHIKAZU ;TOYO 
BOSEKI (JP)) 13 November 1991 

* the whole document * 

-/-- 



The present search report has been drawn up for all daints 



1.2 



U2 



1-3 



1-4 



C12N15/12 
C07K16/28 
A61K38/18 
A61K39/395 



TECHNICAL FIELDS 
SEARCHED a»LCL6) 



1-4 



C12N 
C07K 
A61K 



1-4 



THE HAGUE 



Dti* of GMvbClM W the wtmsh 

29 July 1997 



Hornig, H 



CATEGORY OF OTED DOCUMENTS 

X : psiticulmrty rdcnnt if tiken sltmc 

Y : pirtloiUiiy rdevmnt if conbiafld with anotlier 

4ocuaeat of Ihc same cstc^gory 
A : teduotoglcal brndtenNtDl 
O : non-written dtsdonire 
P : latcrmediat* 4 



T : theory or principle onderiylng the tnvention 
E : earlier patent docunent, but pablisbed on, or 

tfttf the filing 4 ate 
D : document dt«d la the applkatioo 
L : document dtcd for other reasons 

sbcr of the same patent femHy* corresponding 



23 



EP 0 805 203 A1 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcmtloa NunalMr 

EP 97 2G 1105 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cicadoo of docuroeot with indicatioo, wberc appropriate, 
of relevant pascagcg 



Refevaot 
to daim 



CUISSIFICATION OF THE 
APPUCAHON ant.CL6> 



D.P, 

X 



WO 93 15754 A (US SE) 19 August 1993 

page 14, line 14 - page 15, line 4; 
claims 1-7 * 

WO 93 23541 A (GENENTECH INC ;GODOWSKI 
PAUL J (US); LOKKER NATHALIE A (US); MARK) 
25 November 1993 
* claims 54,55 * 



1-3 



1,2 



TECHNICAL FIEU>S 
SEARCHED aat.CL6) 



The present search report has been drawn up for all cUims 



THE HAGUE 



IMc of wplrtHi mt tlM Mink 

29 July 1997 



Hornig, H 



CATEGORY OF CITED DOCUMENTS 

X ; pwtlcoluly rdevant If tskco alooe 

V : particulariy rclenat If Goaibin«d with untha- 

4ociui«a( of the »me csCcgoty 
A : tochnologtcal b«ckgnM<n4 
O : Boa>writtco disdosora 
P : IntcTBiedUte document 



T : tbeoty or principle underlying tbc Invcntioo 
E : carlltf patent docuisc&t, bat pul»llshc4 oo, or 

after the filing 4atc 
D : document dtcd In the application 
L : docuacnt dtc4 for otlier rcuons 

A : ckflubcr of the suae patent family, cerrexpoading 
document 



24 



